The present study was carried out in an attempt to measure the activities of manganese in the At the moment the electrolyte comes in contact with both electrodes, the concentration cell for the Mn-Sb molten alloy may be represented as follows:
I. Introduction
Several attempts have already been made to know the availability of the TIE method at Fluoride electrolyte was employed because the chlorides is found to be difficult to employ at such a high temperature. Since the fluorides can erode easily the electrode materials such as silica and alumina, the use of the TIE method was made in this experiment.
The activities of manganese in the Mn-Sb, Mn-Ni, Mn-Cu and Mn-Sn molten alloys were for the purpose of investigating the series regularity of the activities.
II. Experimental Procedure
Metals of 99.9 to 99.9999% purities were employed for the alloy and standard electrodes, and fluorides and manganese carbonate of high-purity reagent grade were used for the electrolytes.
The cell design employed is illustrated in Fig.  1 . The electric furnace used for the measurements was a siliconite resistance furnace and temperature measurements were carried out with a 13% Pt-Pt¥Rh thermocouple.
The Mullite tube (I. D. 42mm) sealed at the bottom by isolite brick is inserted in the furnace. silica tubes (I. D. 6mm) are placed in the Mullite tube and then its tube is covered by a asbestos plate. The two silica tubes have openings of 3mm diameter at positions 15mm apart from the bottom through which a stream of purified argon gas is passed to fill the silica and Mullite tubes with it.
The experimental procedure was as follows: About 16 g of eutectic fluorides of CaF2 and MgF2 containing 5 wt% MnF2 was put in the graphite crucible and its crucible together with the two silica tubes was placed in the Mullite tube, as shown in Fig. 1(b) . The purified argon gas was passed through the silica tubes for more than 30 min to establish an argon atmosphere and then the furnace temperature was raised to 
The activity of the component manganese in the Mn-base alloys can be obtained by virtue of the following equation using the electromotive force E measured:
where n. F, R and T denote the valence of ion, the Faraday constant, the gas constant and the absolute temperature, respectively. The value of n should be equal to 2 since the manganese ion is considered to be divalent in the fluoride melts.
III. Experimental Results
Figures 2 and 3 illustrate the typical sweep curves in the measurements of activities of the manganese component. lines indicating no appreciable reaction between the electrolyte and the alloy electrode though the curves became slightly wavy forms due to the dissolution of silica into the electrolyte. Only activity potential points at the moment the electrolyte came in contact with both electrodes were necessitated for the activity measurements and the subsequently drawn curves were actually unnecessary. Because of the high temperature, remarkable hummings were introduced in the synchroscope at higher sensitivities though the powers were cut off. Figure 2 (e) shows an example of the sweep curve lengthened vertically due to higher sensitivity of 20mV/cm. Since at a higher temperature, the e.m.f. becomes larger, the measurements are possible to some extent in spite of the humming. The sensitivity above 20mV/cm is, however, undesirable because the humming makes the measurement difficult. carried out in such way that the electrolyte was brought in contact only with the pure manganese electrode but did not come in contact with the alloy electrode, since the opening of the alloy electrode tube was located at a higher position. From the fact that normal measurement also revealed the similar unknown potential points, it is concluded that the vertical line by the unknown potential may result from a very small difference in height of the two openings and has its position very close to the activity potential line. When the unknown potential is smaller or considerably larger than the activity potential point, it produces no effect on the experimental result and the activity potential point can easily be distinguished. When the unknown potential point is, however, a little larger than the activity potential point, it makes the distinction of the objective point difficult.
Contrary to our expections that the Mn-Cu, Mn-Ni and Mn-Sn systems might cause no displacement reaction(10)(11) between the alloy electrode and the electrolyte, the sweep curves of these systems differed from those of the Mn-Sb system. Some trials for the Mn-Bi and Mn-Au systems showed the sweep curves similar to those of the Mn-Cu system.
The experimental results of the activities of manganese in the Mn-base alloy systems are summarized in Table 1 .
Figures 4 to 7 show the activities obtained by the present study for the Mn-base alloy systems.
Examination of Fig. 4 for the Mn-Sb system shows that there are relatively horizontal portions of the activity curves showing a tendency to two-liquid separation in the concentration ranges of NMn=0.2 to 0.3 and above NMn=0.6.
It is evident from Figs. 5 to 7 that the other alloy systems show also the horizontal activity lines in the concentration ranges similar to those of the Mn-Sb system. Figures 6 and 7 show the activities obtained for the Mn-Cu and Mn-Sn systems together 
IV. Discussion
A first problem encountered in the present study is the dissolution of the silica into the fluoride electrolyte though it may be assumed to introduce no significant error in the measurements since the time needed from the flowing of the electrolyte to touching with both electrodes is very short. For the e.m.f. measurements, it cannot be, in general, said that the silica is superior to the materials such as zirconia, alumina, etc. (7), but the silica may be assumed to be better for the present study because phase diagrams (14) of SiO2-CaF2 and SiO2-MgF2 systems form two-liquid immiscibilities.
While the reasonable degree of accuracy of the measurements has been confirmed in the Mn-Sb system, the complexity of the sweep curves, i.e. the type of Fig. 3(d) , is troublesome to higher Mn-alloys of the Mn-Sn system, a part of the Mn-Cu alloys and so on, and also there are certain difficulties in the measurements for dilute solutions of these alloys.
Next discussed are the reasons why the Mn-Sb system shows the horizontal sweep curves in which, after the spot reached the activity potential point, it swept horizontally, but the other systems did not show such curves. Although a short circuit through the silica material can be at first considered because of the high temperature, this reason seems to be insufficient in view of the following facts. That is, in spite of the fact that bismuth is higher in electric resistance than antimony, the Mn-Bi alloy did not sweep as in the case of the Mn-Sb system, and also in the sweep curve of the Mn-Cu system, etc., after the spot moved to the activity potential point, it ran downwards drawing a continuous change of slope without any vertical drop. The sweep curves in the Mn-Cu system, etc. are of forms to be expected if the displacement reaction occurred in the cell(9)(15) but its reaction rate must be small even if reactivity exists, as considered from both the curve forms drawn and the fact that the sweep curves can be photographed distinctly. Unless an unknown compound from the fluoride and the metal is not taken into account, the displacement reaction cannot expected to occur ordinarily.
Although the dissolution reaction can be considered from the small reaction rate, this is not sufficient reasoning. No satisfactory explanation to clarify the reason why such sweep curves were obtained can be offered at the present time.
Reliability of the values obtained in the Mn-Sb system employing MnO supports the view that the abnormal sweep curves have no effect on the experimental results.
In higher Mn alloys in the Mn-Sb and MnCu systems, the e.m.f. tend to become negative values of below -6.2mV.
In view of the high temperature and the humming introduced, these e.m.f. values were taken to be zero, that is, the activities are unity. Negative values of e.m.f. cannot necessarily be assumed due to experimental errors as already reported for the Pb-Sn system (2) . If the difference of - 6.2mV in the present study with -1.7mV of the Pb-Sn system is attributed to the large temperature difference, the reasons would be the same in both systems. If there is the experimental error, it would be attributed to the error peculiar to the cell.
The horizontal activity curves showing the two-liquid separation tendency and the discrepancy of the activities between the present study and the vapor pressure method will be discussed in detail in a forthcoming paper.
V. Summary
By means of the concentration cell employing the fluoride electrolyte constituted by the TIE procedure, the activities of manganese in the Mn-base molten alloys were measured at 
